Abstract -An important aspect in the thermochemistry of coordination complexes is the binding energies of ligands to metals. Although bondenergy schemes are successful for alkanes and substituted alkanes they are not easily applied to coordination compounds. Dissociation energies are not a direct measure of binding energies because of the reorganization energies of the radicals. A more profitable approach is to consider the dissociation energy of the complex relative to that of the ligand with hydrogen. In normal circumstances, DH(M-L) -DH(H-L) for a particular metal and type of ligand appears to be constant. This leads to simple relations between enthalpies of formation of complexes and their corresponding ligands which are useful for evaluating existing data and for predicting unknown enthalpies of formation.
INTRODUCTION
Thermochemical data can be interpreted in various ways depending on the purposes for which these data are required. Metal-ligand binding energies can in principle, be considered in the context of bond-energy schemes or in terms of bond dissociation energies and the applicability and value of these approaches are quite different.
BOND ENTHALPIES
The enthalpy of atomization of a molecule can be apportioned amongst the bonds of the molecule so that, AaH = CAfHo(atoms,ground state,g) -AfHo(compound,g) = CBond enthalpies + Stabilization energy -Strain energy (1) Modern bond-energy schemes work well with alkanes and substituted alkanes hence we expect good correlation for organometallics which can be regarded as substituted alkanes, e.g. tin alkyls can be considered as alkanes in which a C atom is replaced by Sn and table 1 shows the comparison between observed and calculated Aa~O1s. This approach is unlikely to apply to coordination
B O N D DISSOCIATION ENERGIES
The dissociation energy (D) or dissociation enthalpy (DH) of a chemical bond is AU or AH for breaking that bond to form radicals,
If all the metal-ligand bonds are broken and they can be regarded as equivalent, then for
AH/n = G(M-L) , the mean bond dissociation enthalpy. Dissociation enthalpies have relevance in considering reactivity, e.g. in a thermal decomposition the most probable initial step is the rupture of that bond in the molecule with the smallest dissociation enthalpy. The dissociation enthalpy includes t h e radical reorganisation energy (i.e. the energy associated with the difference in structure of the ligand when bound and when free), hence it does not in itself give a fair picture of the strength of chemical binding. Table 2 lists some mean bond dissociation enthalpies in mercury and tin compounds. The question arises as to whether the variations in %(M-L) fairly reflect changes in binding energies or are due to variations in reorganization energies. The effect of reorganization energies can, to a first approximation, be eliminated by considering the dissociation eshalpy of the ligand to the metal relative to the binding to hydrogen, i.e. the difference DH(M-L)-DH(H-L) and this quantity is listed in table 3 for the same mercury and tin compounds. Table 3 shows that when the metal is bound to a tetrahedral C atom, DH(M-L)-DH(H-L) is constant and in this case we expect the metal-ligand binding energy to be constant. Surprisingly the value chaxes little for the binding of the metal to a trigonal C atom showing that variation in DH(M-L) is balanced by that in DH(H-L).
and more important motive for examining this quantity: in many cases, especially for the ligands generally involved in coordination complexes, DH(H-L) is unknown.
-
Hence we conclude that DH(M-L)-DH(H-L) is effective for considering relative binding energies but there is another AS DH(H-L) is A , H for
The right hand side of equation (6) 2,2,6-trimethylheptan-3,5-dionato, DPM = 2,2,6,6 -tetramethylheptan-3,5-dionato, BZAC = benzoylacetonato, TROP = tropolonato, TFAC = l,l,l-trifluoropentan-2,4-dionato, HFAC = 1,1,1,5,5,5-hexafluoropentan-2,4 -dionato.
DH (M-I,) -DH (H-
L) / (kJ mol-l) for 8-
FEther examples could be given, for a particular type of ligand the constancy of DH (M-L) -DH (H-L) demonstrates. (a) Effects influencing DH(H-L) are compensated in E(M-L).
(b) For any metal, measurement of AfHo(g) for a single B-diketonate would be sufficient to derive values for other 6-diketonates.
(c) For a given ligand type,to make comparisons it is not unreasonable to assume a constant value for DH(H-L) to derive DH(M-L). It would be unreasonable to make such comparisons when different types of ligand are involved. Recent work, mainly in Porto and partly in Manchester has been directed towards, (a) studying complexes of a particular ligand with various metals, (b) studying complexes of a particular metal with a variety of ligands. The metal studied so far with the greatest variety of ligands is copper, with the results shown in table 5. - is contraversial and the thermochemical results suggest that if this does exist, it will not be strong. In the dimethylglyoxime complex the two intramolecular hydrogen bonds leads to strengthening of the relative binding energy.
In C~2(acetate)~ the possibility of a (Cu-Cu) bond
OH---?
The most surprising result is for copper glycinate which compared with Cu(PD)2 shows an increased relative binding strength of 57 kJ mol-l.
There is no obvious explanation, an apparently similar situation is observed for nickel,
CORRELATIONS FOR ENTHALPIES OF FORMATION
For complexes ML,, for a particular type of ligand and a given metal, if is constant, it then follows from equation (6) are generally applicable, a very simple method of estimating AfHo of a coordination complex in the solid state is available. metal containing the appropriate type of ligand, then from the curve of AfHo(MLn,cr) versus hfHo(HL,R/cr) of slope n , values for complexes of other ligands can be estimated from AfH(HL,Q/cr). If the latter is unknown it would be easy to estimate as it will be an organic molecule.
The requirement is AfHo(MLn,cr) for one complex of the
